SUMMARY Psychiatric patients suffering from endogenous depression and a control group without endogenous depression were given oral loads of L-tryptophan and urinary excretion determined of the tryptophan metabolites on the pyrrolase pathway: kynurenine, 3-hydroxykynurenine, and 3-hydroxyanthranilic acid. Female endogenously depressed subjects excreted significantly more kynurenine and 3-hydroxykynurenine but not the subsequent metabolite 3-hydroxyanthranilic acid than did female control subjects. Variability of excretion of kynurenine and 3-hydroxykynurenine at different times by the same subject was much greater in the endogenously depressed than in the control group. There was no consistent temporal relationship between excretion of metabolites and severity of the depressive illness. The possible significance of the findings in relation to defective tryptophan metabolism in the brain in endogenous depression is commented upon.
The considerable efficacy of physical treatments in patients with affective illnesses has encouraged research into the implied physical abnormalities present. A relatively specific indication of the presence of a biochemical disturbance is provided by the therapeutic effectiveness of monoamine oxidase inhibitor (MAOI) and tricyclic antidepressants, which influence monoamine metabolism. The extent to which amines derived from tryptophan, such as 5-hydroxytryptamine (5HT), and those derived from tyrosine, such as the catecholamines, play a part in the regulation of mood has been the subject of much controversy and has been discussed by Schildkraut (1965) and by Brodie and Reid (1968) .
There is considerable evidence that tryptophan metabolism is disturbed in affective illnesses. Thus the therapeutic activity of MAOI compounds was found by Coppen, Shaw, Herzberg, and Maggs (1967) to be enhanced by oral tryptophan, suggesting that depression may be associated with insufficient cerebral 5HT. In addition, depressed subjects responding to iproniazid were found by Pare and Sandler (1959) and Van Praag and Leijnse (1963) , but not by Burgermeister, Dick, Garrone, Guggesberg, and Tissot (1963) , to have lower initial levels of 5-hydroxy-indolylacetic acid (5HIAA), which reflects overall 5HT metabolism, than those who did not respond to the drug. Also depressed subjects were found by Ashcroft, Crawford, Eccleston, Sharman, MacDougall, Stanton, and Binns (1966) 698 to have a low content of 5HIAA in the cerebrospinal fluid, which is a measure of brain 5HT metabolism. Low hind-brain 5HT has been reported in depressive suicides by Shaw, Camps, and Eccleston (1967) . This was not confirmed by Boume, Bunney, Colbum, Davis, Davis, Shaw, and Coppen (1968) , although 5HIAA was found to be low.
5HT is formed in vivo from tryptophan by a minor pathway. A quantitatively much more important route of tryptophan metabolism through kynurenine starts with oxidation by liver tryptophan pyrrolase.
Increased synthesis of this enzyme was shown by Knox and Auerbach (1955) to result from increased secretion of adrenocortical hormones. Serum cortisol levels have been found by Fullerton, Wenzel, Lohrenz, and Fahs (1968a, b) to be raised in depression, being highest in the most depressed patients and falling during recovery, although Brooksbank and Coppen (1967) consider these changes not fundamentally associated with the illness. Cortisol secretion rates were also reported to be high in depression by Gibbons (1966) . There may therefore be a metabolic link between increased adrenocortical activity and abnormal 5HT metabolism in depressionraised plasma cortisol inducing pyrrolase which might directly divert tryptophan from 5HT formation or cause the formation of metabolites which decrease 5HT synthesis. Work by Curzon and Green (1968, 1969) and Curzon (1968, 1970) on the effects of cortisol and of immobilization stress upon rat liver pyrrolase and brain 5HT suggests the possibility of such a mechanism, which has recently been discussed (Curzon, 1969) .
Thus it is relevant to determine whether liver tryptophan pyrrolase activity is high in depressed subjects. Direct determination requires liver biopsy which is infrequently justifiable. However, a potential indirect method is available as Altman and Greengard (1966) found that the excretion of kynurenine, after an oral dose of L-tryptophan, is proportional to pyrrolase activity of biopsy material. This method was therefore applied to a group of endogenously depressed and other psychiatric patients. 3-Hydroxykynurenine and 3-hydroxyanthranilic acid, which are formed by the further metabolism of kynurenine ( Fig. 1) , were also determined.
SUBJECTS
A consecutive series of patients admitted to the psychiatric beds of the Royal Free Hospital, London, were asked to co-operate with the study and all agreed to be tested. Patients over 60 years old or with significant physical illnesses, including cerebral organic pathology, were excluded from the investigation. The patients were first tested three to four days after admission to allow adjustment to the hospital environment as Fishman, Hamburg, Handlon, Mason, and Sachar (1962) found adrenocortical activity to be sensitive to environmental change.
The patients were placed in one of three diagnostic categories (1, 2, and 3) with the assistance of the doctors in charge of their treatment. These placements were decided upon before the biochemical results were known. The categories were as follows:
1. DEFINITE ENDOGENOUS DEPRESSION These patients showed evidence of a primary depression with a predominance of typical symptoms such as retardation or agitation, diurnal variation of mood, loss of energy and concentration, self-blame and pessimism, together with anorexia and insomnia. Three of the patients in the female group had had previous bouts of the illness with at least one course of electroconvulsive therapy (ECT). Tompsett (1959) was used. Five millilitres urine was hydrolysed by 1 ml. 5 N HCl in glass-stoppered tubes for one hour in a boiling water bath. The hydrolysate was transferred, with 2 ml. water washings, into a 50 ml. pear-shaped flask already containing 3 ml. 40% NaOH, and 5 ml. distillate was collected from this into a 5 ml. graduated tube in about 10 minutes. Constant heating was obtained using an Electrothermal Heating Mantle with Sunvic control. Bumping was prevented by MS Antifoam A Silicone (Hopkin and Williams, Chadwell Heath, Essex, England) and porous pot. To the distillate 0-2 ml. 5 N HCl and 0-1 ml. 0 5 % sodium nitrite was added and five minutes later 0-1 ml. 2-5% ammonium sulphamate. After five minutes 0-1 ml. 0-5% N-naphthyl ethylenediamine dihydrochloride was added and the purple colour allowed to develop for three hours and read at 540 m p with 1 cm path in an SP 500 spectrophotometer. Standards of 50 ,tg kynurenine sulphate were carried through the procedure. Blanks gave the same reading as water. Tompsett recommended a control determination with distillation at neutrality to correct for non-specific chromogens. This was done on 11 urines collected in the 12 hour period after tryptophan loading and extinctions equivalent to 2-3 ± 2-1 u-mole kynurenine were obtained. This is only a small fraction of the amounts of kynurenine excreted except in a few instances and would not alter the interpretation of results. Therefore the control determination was omitted in subsequent work. Price, Brown, and Yess (1965) and Healey (1965) was used. Columns 6 cm x 1 cm of Dowex 50, H+ resin were prepared in 30 cm high glass chromatography columns, washed with 30 ml. 8 N HCI followed by 100 ml. water, and equilibrated with 0-1 N HCI. The flow rate was adjusted to 30 to 40 ml./hour.
Urine (0 5 % of 12 hours) was made to 1 N HCl and heated in a boiling water bath for one hour, and then diluted to 0-1 N HCl and run through the columns. The columns were then washed with 30 ml. 0-1 N HCI followed by 40 ml. 0-5 N HCI and the washings discarded. 3-Hydroxyanthranilic acid was eluted with 30 ml. 2 N HCI and 3-hydroxykynurenine by 40 ml. 4 N HCl. 3-Hydroxyanthranilic acid and 3-hydroxykynurenine were determined colorimetrically as Price et al. (1965) against standards treated as urines. Recoveries of 100 to 200 ug of standards added to urines was 85 to 115%.
Kynurenine is eluted together with 3-hydroxykynurenine and was also determined. Values were in only moderate agreement with those obtained by the distillation method, being in general about 25 % lower except when the distillation method gave <20 p-mole kynurenine. In these circumstances the colorimetric method gave rather higher values, presumably due to its lower specificity. Occasional urines gave very high kynurenine results with the colorimetric but not the distillation method, and also very high 3-hydroxykynurenine. This indicates interfering drug metabolites (Price et al., 1965) and these results were rejected.
RESULTS
Results of tests on the initial group of patients, in Table 1 , show that the greater part of the kynurenine excreted after a tryptophan load is in the first 12 hour urine collection and that the kynurenine excreted in the second 12 hours is comparable in amount to that excreted in 12 hour periods before the loading dose. Thus kynurenine derived from the load is essentially all excreted within 12 hours and therefore the test period for subsequent patients was reduced from 48 hours to 36 hours. Other workers have also found that tryptophan metabolites derived from loads are excreted within 12 hours of ingestion.
Female and male patients are considered separately. It has been found by Michael, Drummond, Doeden, Anderson, and Good (1964) , and by Rapoport and Beisel (1968) , but not by Price et al. (1965) that metabolism on the pyrrolase pathway is much more active in females. Table 2 shows kynurenine, 3-hydroxykynurenine, and 3-hydroxyanthranilic acid excretions by female subjects in the 12 hour period after the loading dose of tryptophan was given. It is apparent that in each group of subjects there is a wide range of values and also large differences between values for the same patient at Average 148±153(9)151±133(9) 75±61(9) 135±126(9)159±108(9)100±49(9) 143±95(9) 155±50 (9) 29±14(9) 65 ±40(9) 86±51(9) 40±26(7) 62±31(7) 97±51(7) 35±17(7) 65 ±29(7) 92 ±46 (7) Difference between Groups 1 and 2 combined and All determinations are in g-mole. Number of subjects are in parentheses. N.S. = Not significant. *This subject is described in the text. She was not included in the final statistical calculations, this being justified by the application ofChauvenet's criterion (Faires and Parkes, 1960) .
after hydrocortisone injection (Rose and McGinty, 1968; McGinty and Rose, 1969) . The apparent relationship between the severity of depression and kynurenine excretion after tryptophan load differs for different subjects. Thus patient A was severely depressed and agitated at the time of the first test when 384 ,u-mole kynurenine was excreted. After a long course of ECT this fell to 14 ,u-mole at the time of discharge when the patient was much improved. Patient B showed a similar trend, a good response to antidepressant medication being associated with markedly decreased kynurenine excretion. Six weeks later she relapsed and was readmitted. Again kynurenine excretion was high (101 ,u-mole) and fell to 60 ,ut-mole after she responded to a course of ECT.
However, other patients did not show the above clear association of a fall of kynurenine excretion with improvement. The two most severely depressed patients were A and C yet in the latter case kynurenine excretion increased from 35 it-mole when ill to 172 ,t-mole after the first course of ECT when the patient appeared much improved. However, a relapse occurred eight days later and the excretion increased further to 169 ,t-mole after a second course of ECT just before discharge and eventual return to work. A similar trend is seen for patient H for whom the level rose after some improvement. The patient then left hospital at her own request, although she agreed she was not fully well. One week later she was readmitted much worse but with a lower kynurenine excretion of 44 p-mole which rose after a successful course of ECT to 99 ,t-mole.
Patient F presented with a severe phobic illness which had not responded to ECT in the past but was associated with a good deal of depression. She was treated with antidepressant medication, sedative drugs, and deconditioning, and was discharged much improved, being able to travel some distance by underground transport for the first time for many years; but on discharge both kynurenine and 3-hydroxykynurenine excretion were high.
Among the patients without an endogenous depression, kynurenine and 3-hydroxykynurenine excretions by patient 0 in both tests were much higher than all other members of this group. She had a long history of psychiatric disturbance, her personality was of hysterical type and she was thought to have an associated mixed neurotic illness on this occasion but depression was not an obvious part of the presentation. However, it is interesting that this was the only patient in this group who had received ECT in the past, although without notable improvement at that time.
Fewer men were studied than women (Table 3 ) and there were only three males in group 1. All had had previous illnesses requiring ECT and were moderately depressed when tested but high kynurenine excretions were not found. One male patient, HI, who complained of anxiety and was not regarded as significantly depressed, had a high value just before discharge when he had much improved clinically. Some patients were on phenothiazine drugs, injection of which has been found by Kusch and Heinrich (1963) to cause pyrrolase activity to increase in rats. However Price, Brown, and Peters (1959) reported a lack of effect of chlorpromazine on tryptophan metabolism in human subjects. Patient B showed large changes in kynurenine excretion in three tests (101, 60, 384 ,t-mole), although receiving identical medication (400 mg/day chlorpromazine). Other patients were on imipramine or amitriptyline. Mangoni and Paracchi (1965) Cazzullo, Mangoni, and Mascherpa (1966) and Rubin (1967) studied tryptophan metabolism in depression and obtained results explicable by increased metabolism on the pyrrolase pathway. Our results also suggest such an association. Although excretion of kynurenine and 3-hydroxykynurenine by depressive subjects after tryptophan load was high, that of the subsequent metabolite 3-hydroxyanthranilic acid (Fig. 1) was not. This could be due to a limiting effect of kynureninase, the enzyme converting 3-hydroxykynurenine to 3-hydroxyanthranilic acid and also kynurenine to anthranilic acid. Kynureninase is a pyridoxal dependent enzyme as is also kynurenine aminotransferase which converts kynurenine and 3-hydroxykynurenine to kynurenic and xanthurenic acids respectively. Thus it is possible that the elevated excretion of kynurenine and 3-hydroxykynurenine may be due to pyridoxal levels being lower in the depressed subjects and thus less able to cope with the tryptophan load. However, while this possibility is not excluded, the finding by Altman and Greengard (1966) of a correlation between kynurenine excretion after tryptophan load and liver pyrrolase activity determined directly on biopsy material indicates that in general high kynurenine excretion is due to high pyrrolase activity.
In the present study great variability of excretion of kynurenine and 3-hydroxykynurenine after tryptophan was found at different times in the same depressive subjects, while excretion by the control group was much less labile. There was no consistent temporal relationship between excretion of metabolites and severity of depressive illness. The observation that some depressed patients appeared to have elevated metabolism on the pyrrolase pathway when recovered suggests that this cannot readily be explained simply as a direct consequence of disturbed mood. It may be a biochemical abnormality present in some subjects who are susceptible to endogenous depression. Evidence that high pyrrolase activity appears to result in low brain 5HT has been obtained in animal work (Curzon and Green, 1968, 1969; Green and Curzon, 1968) . Defective brain 5HT synthesis in depressive illness might well be brought about through a number of biochemical variables of which raised tryptophan metabolism on the pyrrolase pathway might be one.
In endogenous depression there is typically a diurnal variation in mood associated with abnormalities of other diurnal rhythms such as those of salivary secretion (Palmai and Blackwell, 1965) , urinary electrolytes (Elithorn, Bridges, Lobban, and Tredre, 1966) , and plasma cortisol (Bridges and Jones, 1966; Doig, Mummery, Wills, and Elkes, 1966; Knapp, Keane, and Wright, 1967) . Normal human subjects have been shown by Rapoport and Beisel (1968) to show a diurnal rhythm of tryptophan metabolism which may be influenced by diurnal variation of cortisol levels affecting pyrrolase synthesis. Therefore, abnormality of the pyrrolase pathway in endogenous depression may be associated with shifts in other rhythms and its significance may be clarified if diurnal changes are studied.
